Introduction
Since its inception, Sandia National Laboratories has developed and fielded a wide variety of components and systems for many challenging applications. Avionics-related optoelectronics R&D is a core capability of Sandia. This paper will review activity in Vertical-Cavity Surface-Emitting Lasers (VCSEL), Micro-ElectroMechanical Systems (MEMS) and Photonic-Integrated Circuits (PICs) as applied to various applications including built-in fiber diagnostics, beam forming and RF data links
VCSELs
Having played a key role in the early development of high-efficiency VCSELs Sandia has leveraged the technology to benefit development of advanced avionic systems.
Optical sources for harsh environments: temperature and radiation
Aircraft are notorious for subjecting internal components to extremely wide temperature swings as both altitude and speed are varied. Traditional diode lasers lose power and efficiency as temperatures exceed roughly 80 developed temperature compensated VCSELs for operation in thermal extremes from -50 Fig. (1) illustrates the tight control of threshold current achieved with one of our temperature compensated VCSELs.
Exposure to ionizing radiation is particularly damaging to laser diodes. High-energy protons, for example, create non-radiative recombination centers leading to significantly degraded operation. However, the small cavity volume and possibly the large internal optical intensity of VCSELs makes them well suited for use as radiation hard, low power laser sources for spacecraft optical communication applications. Sandia VCSELs have been shown to perform well at proton doses up to 5x10 12 cm -2 .
Built-in fiber fault detection in fiber-optic data links
We developed and demonstrated a VCSEL-based fiber optic data link with built-in capability to sense faults in the fibers and connectors comprising the link. Using the technique of optical time domain reflectometry (OTDR) the device is capable of switching between data-com and diagnostic modes without altering or removing fiber connectors. The OTDR has sufficient sensitivity to determine the location of most faults commonly seen in short-haul networks found on aircraft.
MEMS

In-situ loop back fiber-optic link diagnostics
Inserting optical data networks into more self-sustainable aircraft requires novel fault diagnostic techniques to meet severe military requirements. A MEMS solution for fiber optic link diagnostics has been developed wherein MEMS mirrors flip into the optical path to provide loop-back capability. This is realized by a MEMS mirror device built using the Sandia SUMMiT technology. The principle of is Fig. (2) . Basically it is a mirror that folds flat allowing optical signals to pass over it in the normal operation mode with minimal loss (~1 dB). In the diagnostic mode, mirrors popup re-direct the signal to desired fiber channels. This architecture allows for a fundamentally small footprint device to implement state-of-health diagnostic functions which improve avionic network reliability
Wavefront correction
We have developed large-stroke (~27 m), segmented arrays of MEMS mirrors fabricated with polysilicon surface micromachining technology that are suitable for applications such as wavefront correction. Sixty-one such large (500 m), hexagonal mirrors which have tip/tilt/piston capability are arranged in a hexagonal array. Individual addressability allows distortion of the array surface to correct high spatial frequency wavefront aberrations. These mirrors have found applications in primary mirror correction in telescope system, ophthalmic application, foveated imaging and zoom and beam steering.
Photonic Integrated Circuits
Integrated laser and modulator for RF-to-optical conversion
Using our in-house InGaAsP PIC design and fabrication capability we have developed a DBR diode laser with on-chip integrated electro-absorption modulator (EAM) for >25 GHz modulation bandwidth and high conversion efficiency. (Fig. 3) . The design is suited to operation at >80 push the bandwidth beyond 40 GHz.
Filters
Integrated microring resonator RF channel drop filters (Fig. 4) are being developed for processing of RF information in the optical domain. The filters are designed and fabricated in-house using SiN x /SiO 2 passive planar lightwave circuits. Design targets are a 1 GHz filter linewidth with center frequency ranging from 2 to 20 GHz. 
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